This research explores the effectiveness of using simulation as a tool for enhancing classroom learning in the Civil Engineering Department of the University of Minnesota at Twin Cities. The authors developed a modern transportation planning software package, Agent-based Demand and Assignment Model (ADAM), that is consistent with our present understanding of travel behavior, that is platform independent, and that is easy to learn and is thus usable by students. An in-class project incorporated ADAM and the performance of this education strategy was evaluated through pre-class survey, post-class survey, scores in the quiz focusing on travel demand modeling and final scores. Results showed that ADAM effectively enhanced students' self-reported understanding of transportation planning and their skills of forming opinions, evaluating projects and making judgments. Students of some learning styles were found to benefit more than others through simulation-based teaching strategy. Findings in this research could have significant implications for future practice of simulation-based teaching strategy.
Introduction
The practice of transportation engineering and planning has evolved substantially over the past several decades. Young graduates encounter a wide range of increasingly complicated problems, from growing congestion and worsening air quality, to environmental preservation and social equity concerns (Handy et al., 1998) . The task of transportation education in this era, as stated by an ITE Committee (1990) , is not only "to train students in how to do various activities associated with current practice", but also to "provide students with the tools necessary to solve new problems that arise". Previous studies, on the other hand, reveal the hourly requirement of transportation-related courses offered for undergraduate students is decreasing (Lipinski and Wilson, 1992, Mason, 2003) . How to achieve those complicated goals in a limited time poses a challenge to the present education of transportation engineering.
Most transportation-related courses, however, are still addressed in a traditional way with "chalk and talk" lectures, paper and pencil problem-solving, and class projects or papers on related topics (Mills and Treagust, 1992; Chen and Levinson, 2004) , failing to motivate students and preventing them from effectively assimilating and applying knowledge in their future work. As a consequence, a recent survey conducted by Mason (2003) indicates the number of graduates in transportation engineering have decreased slightly despite increasing demand from industry. Enhancing Transportation Education through On-line Simulation Using an presented at the 86th Annual Meeting of the Transportation Research Board in Washington, DC, January 21-25 2007 Significant changes are in order to better engage students and deliver knowledge.
Among the suggested changes, simulation has been suggested as a promising strategy for teaching in a range of studies (Billhardt, 2004; Rafaeli et al, 2003; Stoffa et al, 2004) . This strategy, however, has not been widely adopted in the education of transportation engineering and planning, largely due to a twofold barrier. First, traditional theories and models may be difficult to embody in a simple and clear simulation for class uses. Second, the effectiveness of simulation has seldom been examined in education practice, and thus its potential advantages over traditional ways of learning have not been widely acknowledged.
To tackle these barriers and promote simulation in transportation education, an online simulator of travel demand modeling is developed in this study based on recent advances in transportation planning models, and its effectiveness is evaluated based on surveys before and after the use of this simulator in a junior/senior level transportation engineering class. This paper documents the process and reports the findings. The next section presents a review of related educational theories on simulation. Then the simulator ADAM is introduced, followed by a brief description of the project. The results section reports the evaluation results based on statistical analyses of surveyed data, while the conclusion summarizes our findings and gives implications of our study. 
On-line Simulation in Education
Advanced education and teaching are increasingly based on technological innovations in the area of multimedia and computer-based instruction (Alavi et al., 1997) . Among the proposed techniques, computer simulation is particularly valuable in transportation education because most transportation policies and strategies in the real world take years to implement with a prohibitively high cost, while simulation allows learners to "apply new skills in a risk-free environment" (Billhardt, 2004) .
Furthermore, simulation allows interactions between the computer program and students and provides prompt feedback to students, which has proven to be critical to good education (Chickering and Gamson, 1987) . A simulator with an interactive interface and graphical feedback could engage students in the subject matter and encourage students to concentrate, thereby increasing their learning, understanding, and retention. Provided with a simulator which models an entire system, students will be able to move beyond atomistic equations that, to date, have constituted the majority of instruction in the course, and look at transportation issues in a holistic way.
There are of course more advanced commercial transportation planning packages, such as EMME/3, TRANSCAD, TRANSIMS, and CUBE/TRANPLAN, but those have steep learning curves making them inappropriate for the classroom setting (Chen and Levinson, 2006) . The high price of commercial packages (despite educational discounts) further increases the difficulty for universities to adopt them in classroom. Enhancing Transportation Education through On-line Simulation Using an presented at the 86th Annual Meeting of the Transportation Research Board in Washington, DC, January 21-25 2007 Other simpler packages exist (e.g. QRS-II), but these are still fairly complicated to learn and implement, based on traditional transportation planning models, and are not platform-independent. Prior to this project, the class used software called T.H.E., The Highway Emulator, which while relatively simple, did not have a graphical input or output and was DOS-based.
The Internet provides a more attractive frontier for computer simulation in transportation education. Ubiquitous access to the Internet relaxes the time and location constraints of learning. On-line simulators also enable easy delivery and fast customization (Rafaeli, 2003) . Thus many transportation researchers and educators have chosen online simulators to publish their work (Bolay and Helbing, 2006; Treiber, 2006; Los Alamos National Laboratory, 2006) .
Agent-based Demand and Assignment Model (ADAM)
The traditional travel demand model, adopted by many classic textbooks (Sheffi, 1985; Banks, 2002) , considers aggregate travel choices in four steps: trip generation, traffic distribution, modal split and traffic assignment. As it was developed in the 1950s when limited data, computational power, and algorithms were available, this treatment ignores the diversity among different individuals and does not have solid foundation in travel behavior theory (Zhang and Levinson, 2004) . Undergraduate students often find that this model is not intuitive and hard to understand. Moreover, the mathematical concept of equilibrium introduced in traffic assignment is too Enhancing Transportation Education through On-line Simulation Using an presented at the 86th Annual Meeting of the Transportation Research Board in Washington, DC, January 21-25 2007 abstract for undergraduates who have little background in transportation research or optimization. The four-step model also ignores the interactions between different steps and is sometimes misleading. For example, students are often confused by induced travel or demand (Parthasarathi et al. 2003) , which can be thought of as a feedback from traffic assignment to trip generation, distribution, and mode split.
The agent-based travel demand model has emerged as a new generation of transportation forecasting tools and provides an alternative to address the topic of travel demand modeling. The agent-based modeling approach assumes that the aggregate urban travel demand is the result of a multi-dimensional choice process, including residential and business location choice, trip origin, trip destination, route choice and etc. All agents have individual characteristics, goals, and rules of travel behaviors. Agents exchange information on their experiences and adjust their travel choices according to available information. This modeling framework could be more intuitive for students because it simulates the decision-making process in travel at a microscopic level in a way that students may experience first-hand on a daily basis.
Ideally, the modeling framework is flexible and is open for students to specify and test their assumption of travelers' goals and behavioral rules (i.e. how travelers value their time, how much would travelers like to pay for 10-minutes travel time saving), which will greatly enhance students' understanding of underlying mechanisms behind travel demand forecasting. Figure 1 and more details of this model can be found in Zhang and Levinson (2004) . In this model, which treats the morning peak period for simplicity, each traveler is treated as an autonomous agent who hunts for a job on the network.
After all travelers have found their jobs, a travel pattern of the city is established and the aggregate measure of effectiveness (MOE), such as vehicle-kilometers of travel (vkt), vehicle-hours of travel (vht), and network accessibility, can be measured. As travelers adjust their destination and route choices, the travel pattern will evolve until convergence is reached.
A snapshot of the simulator interface is presented in Figure 2 . As can be seen, the interface is composed of three major panels. The aforementioned resulting patterns and MOEs can be examined after a simulation via the result panel. In the parameter panel, users are free to adjust model parameters such as travelers' willingness to travel, sensitivity to travel cost, and flow-speed relationship within specified ranges. In the display panel, the topology of the examined transportation network is displayed. For the default case, this simulator displays a simplified road network of the City of Sioux Falls, South Dakota (a standard test case in transportation research). Different attributes of links and nodes, such as the number of lanes, speed, number of travelers originating from and destined for a node, are differentiated on the screen in different colors or sizes. Pop-up labels which can be seen by right-clicking provide an alternative way to obtain the information about a link or node, which provides students immediate feedback in their uses. Another feature of ADAM is that it allows on-screen editing on the examined network. Users are allowed to change the topology of a network and specify the attributes of links and nodes through the screen. This function provides flexibility for classroom assignments in network design and urban planning, and thus encourages active and creative learning.
Class Project
Introduction to Transportation Engineering, CE3201, is a required Civil Engineering course at the University of Minnesota, Twin Cities, taught every semester for up to 75 students, usually taken by sophomores or juniors (though out-of-sequence seniors often take the course to complete requirements). Currently students in CE3201 have a lecture that meets 2 hours a week and a computer lab that meets 1 hour a week. The agent-based simulator ADAM was first introduced to CE3201 to replace T.H.E. so that travel demand forecasting can be learned in classroom setting in less 
than 3 lab periods via a usable tool. Three project assignments are designed to incorporate the simulator into classroom learning, each for one class period. The first two assignments allow students to familiarize themselves with travel demand modeling and the simulator and the third asks each student to develop a re-development plan of the Sioux Falls network under given situations using ADAM and to evaluate the efficiency of that plan.
Evaluation
Two surveys were conducted before and after the class project to evaluate the effectiveness of ADAM. The pre-class survey is designed to collect students' background information, while the post-class survey is designed to assess students' self-reported improvement in knowledge and skills after using the simulator for a three-week period, and collect their evaluations of the simulator as a tool of learning. Table 1 summaries the categories of questions adopted in both the pre-class and post-class surveys. To be consistent with previous surveys, the questions on learning style are adopted from Kolb (1984) and Felder-Silverman (1988) . In addition to the post-class survey, the grades of the first quiz, which specifically focus on travel demand modeling, server as an indicator of learning performance, while the final grades of the whole class are incorporated as explanatory variable, which could rule out the variation on students' overall academic efforts and performance in the statistical analyses to follow. Of 53 registered students at the outset of the semester, 37 completed the course and responded to both surveys. The statistics of students' background information we collected from the pre-class survey are summarized in Table 2, including demographics, academic background, learning style, computer proficiency, and prior knowledge and skills. Among the 37 valid subjects, most (36 out of 37) were engineering students. Students are approximately equally distributed among three grades: sophomore, junior, and senior, with an average age of just under 21. In terms of learning style, students are inclined to learn through watching and doing, although the inclination is not very significant. Students are likely to embrace innovative learning styles, while their attitude towards actively searching for new information is neutral. In terms of professional background, only one student has transportation related experience before the class and 3 students expressed a desire to pursue a career in transportation (most were undecided, structural engineering was the most common sub-field). Thus, it is not surprising that most of the subjects assess their transportation-related knowledge and skills as poor. On the other hand, students overwhelmingly rate their computer knowledge as proficient and they actually report spending on an average of 18 hours a week before the screen. All of them have access to the Internet at home. This information favors the use of online simulation.
Results from the post-class survey are summarized in Table 3 . As can be seen, students generally agree that ADAM improves their understanding of travel demand modeling, transportation planning and transportation projects, which implies that ADAM is effective as learning tool. As indicated in Table 4 , ADAM significantly increases students' perceived skills of identifying relationships between components in the transportation system, forming opinions and judgments.
Students rate ADAM as an easy, clear and pleasant tool for learning, which is consistent with their positive overall evaluation of this simulator. While they generally agree that ADAM enhances their learning through practical experience and interactive teaching, students are neural about whether ADAM provides the opportunity for them to practice what they learned from lectures. This is partly due to the fact that, although detailed documentation was provided, the simulator itself still hides a great deal of model detail and is significantly different from traditional four-step equations learned in lectures and the textbook (in this semester Banks (2002)). In terms of the quality of project design and supporting materials, students are generally satisfied.
Knowing the characteristics of students who are more likely to capture the benefits of simulation based teaching strategy has valuable implications for future research and educational practice to apply online simulation in classroom setting. Therefore, linear regressions are carried out with regard to students' learning performance indicators, including scores on the quiz I, self-reported improvements on knowledge and improvements on self-perceived skills. A correlation analysis conducted beforehand indicates that improvements on three kinds of knowledge and three kinds of skills Enhancing Transportation Education through On-line Simulation Using an Agent-based Demand and Assignment Model (07-0533) presented at the 86th Annual Meeting of the Transportation Research Board in Washington, DC, January 21-25 2007 listed in Table 3 are positively correlated. Thus, only one out of three indicators of a kind is drawn for statistical analysis. As shown in Table 5 , explanatory variables contain information obtained in the pre-class survey and final scores, some of which are dropped if they are not significant in preliminary regressions. A higher r-squared implies more significant relationship among dependent and independent variables. As shown by the regression results, students preferring visual learning are more likely to gain from simulation-based teaching according to the negative coefficient and statistical significance. Similarly, active learners (Learning through doing) are more likely to improve their skill of evaluating alternative projects and making judgments.
Students who are more enthusiastic about innovative teaching strategies are likely to form a better understanding of transportation planning after learning through simulation; however, their improvement in skills is not as significant as those favoring traditional classroom teaching. This difference implies that while the former group is more comfortable with simulation-based learning, the latter more likely benefits from innovative teaching strategies. Final scores are highly correlated with students' performance in quiz I. Interestingly, students' self-reported ability to evaluate transportation projects and make judgments reported before taking the class is negatively correlated with their understanding of travel demand modeling after the project.
As shown in Table 5 , the variables of demographic, academic and professional background and computer proficiency are not statistically significant. This could be 
explained by the fact that the majority of the class has little prior experience in this field, thus they are all novices despite the difference in grade, age and gender. The survey reports that students believe the simulator is simple and easy to learn, which diminishes the importance of computer proficiency in student performance. This is consistent with our design philosophy too.
CONCLUSIONS
Findings from this research are twofold: first, ADAM's performance in enhancing transportation education is consistent with its design philosophy: simple, flexible, engaging and enlightening. Surveys reveal that a new teaching strategy of travel demand modeling based on ADAM can effectively enhance students' understanding of transportation planning and their skills on evaluating transportation projects and making decision according to measures of effectiveness.
Second, students' learning style does play an important role on their gains from simulation based teaching strategy. Visual and active learners captured more benefits from this strategy while those who preferred sensing and sequential learning did not demonstrate higher performance.
As an extension to this study, an experiment with both a control group and a treatment group would allow a better evaluate the effectiveness of ADAM. It is difficult to use Appendix: 
